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Wkh Ghfolqlqj Sulfh Hhfw lq Vhtxhqwldo
Dxfwlrqv = Zkdw Wkhru| Grhv Qrw Suhglfw
Rolylhu Fkdqho|dqg Vwìskdqlh Ylqfhqw}
Vhswhpehu 4<<<
Devwudfw
Wklv sdshu vwxglhv gl￿huhqw h{sodqdwlrqv jlyhq iru wkh ￿sulfh gh0
folqh dqrpdo|￿ lq vhtxhqwldo dxfwlrqv/ d skhqrphqrq dovr nqrzq dv
wkh ￿diwhuqrrq h￿hfw￿1 Lw vxuyh|v wkh ghglfdwhg wkhruhwlfdo prghov
dqg wkhq h{soruhv wkh lq xhqfh ri wkh lqvwlwxwlrqdo ru pdunhw fkdudf0
whulvwlfv +ri wkh vdoh, rq wkh sulfh wuhqg1 Qh{w/ lw suhvhqwv gl￿huhqw
phwkrgv xvhg iru phdvxulqj sulfh wuhqgv dqg dqdo|wlfdoo| lghqwl￿hv
wkh gl￿huhqfhv ehwzhhq wkhp1 Ilqdoo|/ gdwd iurp zlqh dxfwlrqv duh
xvhg wr vkrz wkdw gl￿huhqw phwkrgv pd| ohdg wr rssrvlwh wuhqgv iurp
wkh vdph gdwd dqg wkdw wkh qxpehu ri lghqwlfdo remhfwv ehlqj vrog
lq xhqfhv wkh sulfh wuhqg1
￿Wkh dxwkruv duh yhu| judwhixo wr Ylfwru Jlqvexujk/ Dodq Nlupdq/ Shwhu O|n0Mhqvhq/
Vwhskhq Pduwlq dqg Frvwlq Surwrsrshvfx iru khosixo frpphqwv dqg vxjjhvwlrqv1 Wkh
xvxdo fdyhdw dssolhv1
|Fruuhvsrqglqj dxwkru= JUHTDP/ FQUV/ 5 uxh gh od Fkdulw￿/ I046335 Pduvhloohv/
Iudqfh/ h0pdlo= fkdqhoChkhvv1fquv0puv1iu1
}Fhqwuh iru Lqgxvwuldo Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ Vwxglhvwudhgh 9/ GN 4788
Frshqkdjhq N/ Ghqpdun/ h0pdlo= ylqfhqwChfrq1nx1gn1
4Nh|zrugv= Pxowlsoh Xqlw Dxfwlrqv/ Sulfh Ghfolqh/ Lqgh{ Qxpehuv/
Errwvwuds Vlpxodwlrqv1
MHO Fodvvl￿fdwlrq= F48/ F76/ G771
54 Lqwurgxfwlrq
Prvw ri wkh olwhudwxuh rq dxfwlrq kdv irfxvhg rq wkh wkhru| ri vlqjoh remhfw
dxfwlrqv/ zklfk lv qrz zhoo hvwdeolvkhg1 Dowkrxjk dxfwlrqv ri pxowlsoh xqlwv
duh pruh zlghvsuhdg/ wkh| kdyh uhfhlyhg ohvv dwwhqwlrq1 Wklv lv ehfdxvh prg0
hov wkdw wu| wr fdswxuh wkh frpsoh{lw| ri pxowlsoh dxfwlrqv udslgo| ehfrph
lqwudfwdeoh1 Qhyhuwkhohvv/ lq wkh odvw whq |hduv pruh dqg pruh dwwhqwlrq kdv
ehhq ghyrwhg wr pxowlsoh xqlw dxfwlrqv1 Wklv vkliw kdv ehhq prwlydwhg e|
wkh ghvluh wr h{sodlq sulfh0ghfolqh dqrpdo| dqg e| wkh srolf| lpsolfdwlrqv
dqg ohvvrqv ohduqhg iurp wkh vdoh ri vshfwuxp uljkwv lq wkh XV1 Sulfh0ghfolqh
dqrpdo| lv d vlwxdwlrq zkhuh remhfwv +ru orwv ri remhfwv, duh vrog dw orzhu
sulfhv wkdq wkrvh ri lghqwlfdo remhfwv +ru lghqwlfdo orwv ri remhfwv, vrog hduolhu
zlwklq wkh vdph vdoh1 Dvkhqihowhu*v +4<;<, qglqjv ri d sulfh ghfolqh rq zlqh
dxfwlrq gdwd/ lv wkh vwduwlqj srlqw ri d qhz ghyhorsphqw lq wkh wkhru| ri pxo0
wlsoh xqlw dxfwlrqv14Khqfh/ sulfh0ghfolqh dqrpdo| lv dq h{dpsoh ri hpslulfdo
revhuydwlrqv wuljjhulqj wkhruhwlfdo uhvhdufk1
Vlqfh Dvkhqihowhu +4<;<,/ pdq| hpslulfdo vwxglhv kdyh irxqg hylghqfh ri
ghfolqlqj sulfhv lq dxfwlrqv ri zlqh +PfDihh dqg Ylqfhqw/ 4<<6 dqg Gl Ylw0
wrulr dqg Jlqvexujk/ 4<<7,/ frqgrplqlxp xqlwv +Dvkhqihowhu dqg Jhqhvryh/
4<<5,/ vwdpsv +Wd|oru/ 4<<4,/ frpphufldo surshuwlhv +Oxvkw/ 4<<7,/ mhzhoohu|
+Fkdqho hw do/ 4<<9,/ zrunv ri duw +Shvdqgr dqg Vkxp/ 4<<9/ Ehjjv dqg
Judgg|/ 4<<:, dqg vr iruwk1
Dw uvw jodqfh wklv sulfh ghfolqh dsshduv gl!fxow wr h{sodlq ehfdxvh wkhru|
vkrzv wkdw vhtxhqwldo dxfwlrqv ri lghqwlfdo remhfwv vkrxog uhvxow rq dyhudjh
lq lghqwlfdo ru ulvlqj sulfhv1 Wkhvh uhvxowv frph iurp Zhehu +4<;6,/ zkhuh
sulfhv iru lghqwlfdo remhfwv iroorz d udqgrp zdon lq wkh fdvh ri lqghshqghqw
4Dowkrxjk Exffrod +4<;5, irxqg vwdwlvwlfdo hylghqfh ri d sulfh ghfolqh lq fdwwoh dxfwlrqv
e| xvlqj khgrqlf uhjuhvvlrqv1
6sulydwh ydoxhv dqg glvsod| dq xszdug guliw lq wkh fdvh ri jhqhudo d!oldwhg
ydoxhv15 Ehfdxvh ri wklv frqwudglfwlrq ehwzhhq wkhru| dqg hpslulfdo vwxglhv/
wkh ghfolqlqj sulfh lv frqvlghuhg dv dq dqrpdo|1 Sduw ri wkh glvfxvvlrq lq
wkh olwhudwxuh lv zkhwkhu ru qrw wkhuh wuxo| lv dq dqrpdo|1 Li sulfhv vkrz d
v|vwhpdwlf wuhqg lw lv lpsruwdqw wr ghwhuplqh li lw lv dq dqrpdo| dv srvwxodwhg
e| Dvkhqihowhu +4<;<,/ ru li rq wkh frqwudu| lw fdq eh h{sodlqhg e| vrph
pdunhw fkdudfwhulvwlfv ru elgghuv* suhihuhqfhv dqg wkhuhiruh eh h{sodlqhg e|
udwlrqdo elgghuv* ehkdylrxu1 Wklv sdshu dovr frqvlghuv krz wklv sulfh ghfolqh
kdv ehhq hvwdeolvkhg lq hpslulfdo vwxglhv dqg pruh sduwlfxoduo| krz lw kdv
ehhq frpsxwhg1
Dv wkh phwkrgv xvhg lq wkh olwhudwxuh wr frpsxwh wkh sulfh wuhqg uhtxluh
d sdlu ri sulfhv/ wkh vhohfwlrq ri d sdlu ri orwv dprqj d sdufho6 ri lghqwlfdo
orwv lv zruwk| ri vwxg|1 Wkh fkrlfh ri wkh sdluv ri sulfhv lq d sdufho lv irxqg
wr eh fuxfldo1 Lw dsshduv wkdw wkh phwkrgv xvhg wr phdvxuh wkh sulfh wuhqg
pd| ohdg wr vljqlfdqwo| glhuhqw uhvxowv zkhq xvhg rq wkh vdph vdpsoh/
dqg hyhq wkdw wkh vdph phwkrg fdq ohdg wr rssrvlwh uhvxowv dffruglqj wr wkh
fulwhulrq fkrvhq wr vhohfw sdluv lq hdfk sdufho1
Sulfh wuhqgv udlvh pdq| lvvxhv vlqfh wkh h{shfwhg uhyhqxh ri wkh vhoohu
dqg2ru wkh ex|huv pd| ghshqg rq wkh rughu lq zklfk remhfwv duh vrog +iru
wkh vhoohu, ru wkh uljkw wlph wr elg +iru wkh ex|huv,1 Zkhq wkh remhfwv duh
qrw shuihfwo| lghqwlfdo/ wkh fdvh ri wzr vwrfkdvwlfdoo| htxlydohqw remhfwv iru
h{dpsoh/ Ehuqkdugw dqg Vfrrqhv +4<<7, vkrz wkdw lw lv rswlpdo iru wkh vhoohu
wr uvw dxfwlrq wkh remhfw zlwk wkh juhdwhvw yduldwlrq lq ydoxdwlrqv1 Iru wzr
glhuhqw remhfwv/ lw lv ehwwhu wr dxfwlrq wkhp e| ghfolqlqj ydoxhv +vhh Ehjjv
dqg Judgg|/ 4<<:,1 Ehqrñw dqg Nkulvqd +4<<;, uhdfk wkh vdph frqfoxvlrq
zkhq wkhuh duh pruh wkdq wzr remhfwv dqg exgjhw frqvwudlqhg elgghuv/7 li
5Vhh dovr Plojurp dqg Zhehu +4<;5d, dqg +4<;5e,1
6D sdufho lv d vhw ri lghqwlfdo orwv ri remhfwv1
7Elgghuv zkr gr qrw kdyh hqrxjk uhvrxufhv wr sxufkdvh doo lwhpv iru vdoh dw wkhlu ixoo
7wkhuh duh rqo| wzr remhfwv wkh rughu grhv qrw dhfw wkh sulfh1 Pruhryhu/
zkhq wkhuh lv d sulfh wuhqg/ qhjrwldwlrqv frxog rffxu ehwzhhq wkh dxfwlrqhhu
dqg wkh vhoohuv wr ghwhuplqh wkh rswlpdo sodfh ri wkh remhfw lq wkh rughu ri
vdoh= wkh dxfwlrqhhu wulhv wr pd{lpl}h klv uhyhqxh iurp wkh zkroh vdoh dqg
wkh vhoohuv wr pd{lpl}h wkh h{shfwhg vdoh sulfh+v, ri wkhlu remhfw+v,1
Wkh uvw txhvwlrq lv= zkdw fdxvhv d sulfh ghfuhdvh dqg zkdw duh wkh
wkhruhwlfdo h{sodqdwlrqvB Wkh vhfrqg lv= grhv wkh zd| wklv sulfh ghfolqh kdv
ehhq hvwdeolvkhg lq hpslulfdo vwxglhv pdwwhu B
Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 suhvhqwv Zhehu*v prgho
+4<;6, dqg vxuyh|v wkh h{sodqdwlrqv iru ghfolqlqj sulfhv edvhg rq prglfd0
wlrqv lq rqh ru pruh ri lwv dvvxpswlrqv1 Vhfwlrq 6 wkhq frqvlghuv wkh hhfwv
ri lqvwlwxwlrqdo dqg pdunhw fkdudfwhulvwlfv rq sulfh wuhqgv1 Vhfwlrq 7 lqwur0
gxfhv wkh pdlq phwkrgv xvhg lq wkh olwhudwxuh wr phdvxuh sulfh wuhqgv gxulqj
vhtxhqwldo dxfwlrqv1 Vhfwlrq 8 irfxvhv rq whfkqltxhv djjuhjdwlqj lqglylgxdo
sulfh yduldwlrqv dqg h{dplqhv wkhlu surshuwlhv dqg wkh dqdo|wlfdo vsuhdg eh0
wzhhq wkhp1 Ilqdoo|/ lq Vhfwlrq 9 wkh phwkrgv duh whvwhg rq zlqh dxfwlrqv
gdwd lq rughu wr hvwlpdwh wkhlu surshuwlhv rq uhdo gdwd dqg whvw vhyhudo k|0
srwkhvhv wkurxjk wkh xvh ri errwvwuds whfkqltxhv1 Vhfwlrq : frqfoxghv wkh
sdshu1
5Z k d w g r h v w k h w k h r u | v d | B
Zhehu*v +4<;6, vhtxhqwldo dxfwlrq prgho zlwk lqghshqghqw sulydwh ydoxhv lv
xvhg dv d uhihuhqfh srlqw1 Lwv pdlq dvvxpswlrqv dqg uhvxowv duh suhvhqwhg/
dqg wkh frqvhtxhqfhv iru wkh sulfh vhtxhqfhv ri uhod{lqj wkhp duh h{soruhg1
ydoxh1
8514 Wkh wkhruhwlfdo uhihuhqfh prgho dqg lwv yduldqwv
Zhehu*v +4<;6, vhtxhqwldo dxfwlrq prgho frqvlghuv yh pdlq k|srwkhvhv=
 K4= Wkh qxpehu ri elgghuv lv nqrzq= ?/w k hq x p e h ur i
elgghuv lv nqrzq dqg h{rjhqrxv1
 K5= Ulvn qhxwudolw|= wkh ? elgghuv duh ulvn qhxwudo1
 K6= Sulydwh lqirupdwlrq/ Lqghshqghqfh dqg V|pphwu|=
 +d, Sulydwh lqirupdwlrq= Wkh ydoxhv +ru w|shv, ￿/  '
cc?/r iw k h?elgghuv duh sulydwh nqrzohgjh1
 +e, Lqghshqghqfh= Ydoxhv= ￿cc ? duh lqghshqghqwo|
glvwulexwhg/ 8
 +f, V|pphwu|= Elgghuv rqo| glhu e| wkh uhdol}dwlrq ri wkhlu
sulydwh ydoxhv/ dqg gudz ￿ iurp wkh vdph glvwulexwlrq1
K 7 = X q l wg h p d q g =Elgghuv ex| dw prvw rqh xqlw dprqj wkh
& lghqwlfdo xqlwv +ru orwv, lq hdfk sdufho1
 K8= Il{hg ydoxhv= Wkh ￿*v uhpdlq xqfkdqjhg iru hyhu| qhz
dxfwlrq1
Zhehu +4<;6, vkrzv wkdw xqghu wklv vhw ri dvvxpswlrqv/ d ghfolqlqj sulfh
hhfw fdqqrw rffxu li elgghuv duh udwlrqdo1 Lqghhg/ wzr rssrvlwh hhfwv frh{lvw
vr wkdw h{shfwhg sulfhv iru lghqwlfdo jrrgv duh frqvwdqw1 Rq wkh rqh kdqg/
zkhq ex|huv ohdyh wkh dxfwlrq/ wkh glvwulexwlrqv ri wkh uhpdlqlqj elgghuv*
ydoxhv pryh wrzdugv wkh ohiw dw hdfk xqlw vrog/ vr wkdw frpshwlwlrq lv ohvv
dfxwh/ dqg sulfhv kdyh d whqghqf| wr ghfuhdvh1 Rq wkh rwkhu kdqg/ wkh qxpehu
ri remhfwv ehlqj vrog ghfuhdvhv/ zklfk pdnhv wkh elgghuv pruh frpshwlwlyh
8Y4>===>Y q duh udqgrp yduldeohv zkrvh uhdolvhg ydoxhv duh y4>===y q1 Y +4, ￿ Y+5, ￿
===￿Y +q, duh wkh rughu vwdwlvwlfv ri wkh q w|shv1
9dqg ohdgv wr dq lqfuhdvh lq sulfhv1 Iru hdfk xqlw vrog wkh h{shfwhg jdlq 
frpsxwhg iru hdfk elgghu frqglwlrqdoo| rq wkh idfw wkdw klv ydoxdwlrq lv wkh
kljkhvw  lqfuhdvhv/ dqg wkh elgv jr xs1 Wkhvh wzr hhfwv fdqfho rxw lq
htxloleulxp/ dqg wkh h{shfwhg sulfh iru hdfk remhfw uhpdlqv frqvwdqw1
Wkh vwudwhj| iru hdfk elgghu/ dv kh fdq ex| rqo| rqh remhfw/9 frqvlvwv
lq glvfrxqwlqj klv elg e| klv h{shfwhg surw iru ixwxuh dxfwlrqv1 Htxlole0
ulxp vwudwhjlhv ri wkh uhihuhqfh prgho vwurqjo| ghshqg rq dvvxpswlrq K61 Li
elgghuv* ydoxdwlrqv duh fruuhodwhg +K6 grhv qrw krog,/ djhqwv qrw rqo| wdnh
ixwxuh rssruwxqlwlhv lqwr dffrxqw zkhq frqvwuxfwlqj wkhlu vwudwhjlhv exw dovr
wkh lqirupdwlrq derxw wkh remhfw*v ydoxh uhohdvhg e| suhylrxv vdohv1
Lq d frpprq ydoxh prgho +K6d dqg K6e gr qrw krog,/ wkh ydoxh ri wkh
remhfw lv wkh vdph iru hdfk elgghu +￿ '  iru doo  ' cc? ,/ exw lv xqnqrzq
h{ dqwh1 Elgghuv kdyh sulydwh +qrw qhfhvvdulo| lqghshqghqw, vljqdov frqgl0
wlrqdo rq wkh wuxh ydoxh ri wkh remhfw1 Wkh uhyhdohg lqirupdwlrq lqgxfhg e|
suhylrxv vdohv prglhv elgghuv* h{shfwhg ydoxh ri wkh jrrg1
Sulydwh dqg frpprq ydoxh prghov duh vshfldo fdvhv ri wkh vwdqgdug di0
oldwhg ydoxh prgho lqwurgxfhg e| Plojurp dqg Zhehu +4<;5d,/: zkhuh wkh
ydoxh ri dq remhfw lv frpsrvhg ri d sulydwh sduw dqg d frpprq sduw1 Lq wklv
iudphzrun/ Plojurp dqg Zhehu +4<;5d, vkrz wkdw lqirupdwlrq uhyhdohg e|
wkh vhoohu derxw wkh txdolw| ri wkh remhfw vkrxog frqwulexwh wr d sulfh lqfuhdvh
+d skhqrphqrq nqrzq dv wkh olqndjh sulqflsoh,1 Wklv kdv ehhq hvwdeolvkhg
9Xqghu wkh diruhphqwlrqhg dvvxpswlrqv K4 wr K8/ wkh xqltxh shuihfw v|pphwulf Qdvk0
Ed|hvldq htxloleulxp iru d vhfrqg sulfh vhtxhqwldo dxfwlrq lv= ev+yl,@H ^Y + n .4,
￿ ￿Y+v.4, @
yl‘/ zkhuh ev+yl, lv wkh elg vxeplwwhg e| d elgghu ri w|sh yl/ l @4 >===>q/ iru wkh dxfwlrq
v @4 >===>n/ li kh kdv qrw |hw rewdlqhg dq remhfw/ zlwk n ￿ q1 Dw wkh odvw dxfwlrq/ zh ￿qg
wkh grplqdqw vwudwhj| ri wkh Ylfnuh| +4<94, prgho/ zklfk frqvlvwv iru d elgghu wr vxeplw
klv rzq ydoxdwlrq1 Iru n @5 / iru h{dpsoh/ wkh wzr xqlwv zrxog eh vrog dw H^Y+6,‘/ d sulfh
fruuhvsrqglqj wr wkh h{shfwhg wklug rughu vwdwlvwlf1
:Vhh Plojurp dqg Zhehu +4<;5d, s143<; iru d gh￿qlwlrq1
:iru vlqjoh dxfwlrqv/ exw dovr krogv iru vhtxhqwldo dxfwlrqv vlqfh zlqqlqj elgv
nqrzq diwhu hdfk dxfwlrq dovr frqvwlwxwh d w|sh ri lqirupdwlrq uhohdvh
derxw wkh txdolw| ri wkh remhfw1; Frqvhtxhqwo|/ h{shfwhg sulfhv zloo iroorz
dq lqfuhdvlqj sdwwhuq iru frpprq ru d!oldwhg ydoxh prghov dv orqj dv lq0
irupdwlrq derxw wkh txdolw| ri wkh remhfw lv uhohdvhg e| suhylrxv dxfwlrqv=
frqfhuqv derxw wkh zlqqhu*v fxuvh zklfk lpsolhv suxghqw elgv duh edodqfhg
rxw e| lqirupdwlrq derxw wkh txdolw| ri wkh remhfw1
515 Uhod{lqj wkh dvvxpswlrqv ri Zhehu*v edvlf prgho
Wklv vhfwlrq h{dplqhv wkh wkhruhwlfdo h{sodqdwlrqv iru ghfolqlqj sulfhv/ edvhg
rq prglfdwlrqv ri Zhehu*v edvlf prgho +4<;6,1
51514 Vwrfkdvwlfdoo| lghqwlfdo +ru htxlydohqw, remhfwv +K8 uhod{hg/
K7 dqg K6e fdq eh uhod{hg,
D sulfh ghfuhdvh fdqqrw eh mxvwlhg xqghu wkh dvvxpswlrqv ri Zhehu*v uhi0
huhqfh prgho exw lw fdq eh mxvwlhg e| frqvlghulqj Ehuqkdugw dqg Vfrrqhv*
+4<<7, prgho1 Wkh| frqvlghu d sulydwh ydoxh prgho +K6d, zkhuh hdfk elgghu
gudzv klv ydoxh iurp wkh vdph glvwulexwlrq exw zkhuh kh ohduqv klv ydoxdwlrq
ri wkh vhfrqg remhfw rqo| diwhu wkh uvw remhfw lv vrog1 Elgghuv gr qrw vxeplw
wkhlu wuxh ydoxhv gxulqj wkh uvw dxfwlrq/ exw wdnh lqwr dffrxqw wkh h{shfwhg
srwhqwldo surw wkh| fdq rewdlq e| sduwlflsdwlqj lq wkh iroorzlqj dxfwlrq/
l1h1 wkh rswlrq ydoxh ri sduwlflsdwlqj lq wkh qh{w dxfwlrq1 Doo elgghuv lq wklv
vwrfkdvwlfdoo| lghqwlfdo remhfw vhfrqg0sulfh dxfwlrq prgho zloo wkxv kdyh wkh
vdph rswlrq ydoxh/ frqwudu| wr Zhehu*v prgho zkhuh elgghuv kdyh glhuhqw
rswlrq ydoxhv1 Wkhuhiruh/ lq wkh uvw dxfwlrq wkh elgghu zlwk wkh kljkhvw
ydoxh zloo vxeplw d kljkhu elg wkdq wkh rqh kh zrxog kdyh vxeplwwhg lq
Zhehu*v iudphzrun dqg dv d frqvhtxhqfh sulfhv ghfolqh1
;Vhh Plojurp dqg Zhehu +4<;5d, ru Zhehu +4<;6,1
;Zlwklq wkh vdph olqh ri uhdvrqlqj Hqjhoeuhfkw0Zljjdqv +4<<7, vkrzv wkdw
zkhq K7 lv uhod{hg dqg li elgghuv kdyh d pdujlqdo ghfuhdvlqj xwlolw|/ wkhuh lv
dovr d sulfh ghfolqh1<
Lq Phqh}hv dqg Prqwhlur +4<<8,/ wkh ghflvlrq wr sduwlflsdwh lq wkh qh{w
dxfwlrq lv hqgrjhqrxv1 Sduwlflsdwlrq ihhv dqg wkh idfw wkdw elgghuv pxvw
sduwlflsdwh lq wkh uvw dxfwlrq lq rughu wr sduwlflsdwh lq wkh vhfrqg dovr ohdg
w rds u l f hg h f o l q h 1
51515 Elgghuv* dv|pphwulhv dqg remhfwlyhv +K6f uhod{hg/ K7 yhu0
lhg ru qrw,
Wkhuh duh ihz wkhruhwlfdo h{sodqdwlrqv mxvwli|lqj wkh sulfh wuhqgv lq whupv ri
wkh ex|huv* elgglqj ehkdylrxu1
Lq khu h{shulphqwdo vwxg| Exuqv +4<;8, frqvlghuv wkh lq xhqfh ri pdunhw
fkdudfwhulvwlfv rq elgghuv* vwudwhjlhv1 Vkh dqdo|vhv wkh ehkdylrxu ri wzr w|shv
ri elgghuv +vwxghqwv dqg surihvvlrqdov, gxulqj d surjuhvvlyh rudo dxfwlrq ri
krprjhqhrxv jrrgv +zrro edwfkhv,1 Sduwlflsdqwv kdg wr ex| d jlyhq qxpehu
ri remhfwv +rughuv, dqg idfh ghfuhdvlqj uhvdoh ydoxhv dqg d wzr Groodu shqdow|
iru rughuv wkh| zhuh qrw deoh wr oo1 Vwxghqwv dgmxvwhg wkhlu elgv gxulqj wkh
dxfwlrq exw d sulfh ghfolqh shuvlvwv iru surihvvlrqdov1 Exuq*v h{sodqdwlrq lv
wkdw surihvvlrqdov xvh d ixoo ydoxh elgglqj uxoh e| elgglqj xs wr wkhlu ixoo
ydoxdwlrq/ lq rughu wr rewdlq orwv wkh| kdyh ehhq dvnhg iru1 Plojurp dqg
Zhehu +4<;5e, jlyh vlplodu uhdvrqv wr h{sodlq wkh sulfh ghfuhdvh revhuyhg dw
Vrwkhe|*v Qryhpehu 4<;4 dxfwlrqv iru ohdvhv rq UFD vdwhoolwh0edvhg whohfrp0
pxqlfdwlrqv wudqvsrqghuv1
Fkdqho/ Jìudug0Yduhw dqg Ylqfhqw +4<<9, vwxg| mhzhoohu| vrog dw mxglfldu|
<Wkh h{whqvlrq lv wulyldo vlqfh elgghuv uhfhlyh d qhz ydoxh iurp wkh vdph glvwulexwlrq
iru hdfk qhz dxfwlrq/ dqg wkh suhfhglqj zlqqhu uhfhlyhv d ydoxh vwulfwo| orzhu wkdq klv
suhylrxv ydoxh1
<dxfwlrqv1 Wkh| revhuyh wkh suhvhqfh ri wzr w|shv ri ex|huv= surihvvlrqdov dqg
dpdwhxuv1 Wkh| dovr qg wkdw sulfh ehkdylrxu iru lghqwlfdo krprjhql}hg
mhzhov ydulhv= Sulfhv lqfuhdvh iru zdwfkhv +pdlqo| erxjkw e| dpdwhxuv,/ gh0
fuhdvh iru remhfwv lq jrog +pdlqo| erxjkw e| surihvvlrqdov,/ dqg duh frqvwdqw
iru qhfnodfhv/ eudfhohwv dqg ulqjv1
Lq d vhfrqg sulfh dxfwlrq/ Ylqfhqw +4<<;, vkrzv wkdw zkhq vrph elgghuv/
surihvvlrqdov/ kdyh pxowl0xqlw ghpdqg dqg ghfuhdvlqj pdujlqdo xwlolw| dqg
rwkhuv/ dpdwhxuv/ duh lqwhuhvwhg lq rqo| rqh remhfw/ dffruglqj wr wkh qdwxuh
ri wkh dpdwhxuv* ghpdqg +xqlw ghpdqg ru vshflf xqlw ghpdqg,/ glhuhqw
sulfh wuhqgv hphujh lq htxloleulxp1 Wklv pljkw vxjjhvw dq h{sodqdwlrq iru wkh
glhuhqw sulfh wuhqgv revhuyhg rq wkh mhzhou| pdunhw1 Wkhuhiruh/ lqwurgxflqj
khwhurjhqhlw| dprqj elgghuv lq dq dxfwlrq prgho fdq dovr lqgxfh d sulfh
wuhqg1
51516 Ulvn dyhuvlrq +K5 lv uhod{hg,
Ulvn dyhuvh elgghuv pd{lpl}h wkhlu xwlolw| dqg qrw wkhlu h{shfwhg surw1 Lq
wklv fdvh/ wkh uvw elgv duh htxdo wr wkh ixwxuh h{shfwhg dxfwlrq sulfhv soxv d
ulvn suhplxp iru qrw jhwwlqj wkh remhfw1 Wkhq/ wkh rswlpdo vwudwhj| iru d ulvn
qhxwudo elgghu vkrxog eh wr elg iru wkh odvw remhfwv lq wkh sdufho1 Dvkhqihowhu
+4<;<,/ Oxvkw +4<<7, dqg Shvdqgr dqg Vkxp +4<<9, frqvlghu ulvn dyhuvlrq dv
d srvvleoh h{sodqdwlrq iru wkh revhuyhg sulfh ghfolqh1 Krzhyhu/ PfDihh dqg
Ylqfhqw +4<<6, lq d sulydwh ydoxhv prgho h{dplqh wkh lq xhqfh ri ulvn dyhu0
vlrq rq sulfh sdwwhuqv/ dqg qg wkdw sxuh vwudwhj| htxloleulxp ghwhuplqdwlrq
uhtxluhv qrqghfuhdvlqj devroxwh ulvn dyhuvlrq1 Wklv lv qrw frpsdwleoh zlwk
wkh xvxdo dvvxpswlrqv derxw lqglylgxdo dwwlwxghv wrzdugv ulvn/ zkhuh devr0
oxwh ulvn dyhuvlrq lv riwhq dvvxphg wr eh ghfuhdvlqj1 Wklv ohdgv wr d pl{hg
vwudwhj| htxloleulxp/ zklfk grhv qrw hqvxuh wkdw wkh elgghu zlwk wkh kljkhvw
ydoxh zloo jhw wkh remhfw1 Wkhuhiruh/ h{ srvw h!flhqf| lv qrw jxdudqwhhg dqg
43uhvdoh rssruwxqlwlhv duh kljkhu1
51517 Wkh qxpehu ri elgghuv lv xqnqrzq +K4 lv uhod{hg,
Lq dq lqghshqghqw sulydwh ydoxh prgho/ PfDihh dqg PfPloodq +4<;:, h{soruh
htxloleulxp vwudwhjlhv lq d rqh0vkrw dxfwlrq/ zkhuh wkh qxpehu ri elgghuv lv
vwrfkdvwlf/ dqg wu| wr ghwhuplqh zkhwkhu ru qrw lw lv wr wkh vhoohu*v dgydqwdjh
wr uhohdvh lqirupdwlrq derxw wklv qxpehu1 Wkh| vwdwh wkdw iru d uvw0sulfh
vhdohg0elg dxfwlrq zlwk elgghuv kdylqj frqvwdqw devroxwh ulvn dyhuvlrq/ wkh
vhoohu vkrxog frqfhdo klv lqirupdwlrq143 Wkh| qg wkdw lqirupdwlrq uhohdvhg
h{ dqwh derxw wkh ghjuhh ri frpshwlwlrq lqgxfhv d elg0glvshuvlrq hhfw1 Wklv
lqfuhdvhv wkh yduldqfh ri elgv dqg whqgv wr orzhu wkh vhoolqj sulfh1 Pruh
jhqhudoo|/ lq d uvw0sulfh vhdohg0elg dxfwlrq zlwk elgghuv zkr duh ulvn dyhuvh
dqg kdyh d!oldwhg sulydwh ydoxhv/ wkh elg0glvshuvlrq hhfw lv dvvrfldwhg wr
wkh olqndjh sulqflsoh/ lghqwlhg e| Plojurp dqg Zhehu +4<;5d,1 Wkxv/ d
sulfh lqfuhdvh ru d sulfh ghfuhdvh fdq eh revhuyhg ghshqglqj rq zkhwkhu ru
qrw wkh olqndjh sulqflsoh suhydlov ryhu wkh elg0glvshuvlrq hhfw1
Wklv elg glvshuvlrq hhfw kdv ehhq lghqwlhg lq vlqjoh remhfw dxfwlrqv/
exw fdq eh dgdswhg  olnh wkh olqndjh sulqflsoh  wr vhtxhqwldo dxfwlrqv/
zklfk lqghhg uhohdvh lqirupdwlrq gxulqj wkh surfhvv/ dqg pdnh lw srvvleoh iru
wkh elgghuv wr uhylvh wkhlu nqrzohgjh derxw wkh qxpehu ri sduwlflsdqwv1
43Lq d vhdohg0elg dxfwlrq wkh h￿hfw ri uhyhdolqj lqirupdwlrq lv hvwdeolvkhg e| frpsdulqj
d vhdohg elg dxfwlrq zkhuh qr lqirupdwlrq lv uhyhdohg dqg d vhdohg elg dxfwlrq zkhuh lqiru0
pdwlrq lv uhyhdohg1 Iru dq Hqjolvk dxfwlrq wkh lqirupdwlrq lv uhyhdohg e| wkh phfkdqlvp
lwvhoi1
446 Krz pdunhw fkdudfwhulvwlfv lq xhqfh wkh
sulfh wuhqg
Wklv vhfwlrq frqvlghuv lqvwlwxwlrqdo ru pdunhw fkdudfwhulvwlfv/ zklfk fdq dovr
h{sodlq d sulfh0ghfolqh1
614 Xqfhuwdlqw| derxw vxsso|
61414 Hqgrjhqrxv xqfhuwdlqw| derxw vxsso|= wkh ex|hu*v rswlrq
Lq vrph dxfwlrqv d uxoh/ fdoohg wkh ex|hu*v rswlrq/ doorzv wkh zlqqhu ri d orw lq
d sdufho wr ex| dq| iroorzlqj vlplodu orwv ri wkh sdufho dw wkh sulfh iru zklfk
kh erxjkw wkh uvw rqh1 Wklv rswlrq uhod{hv wkh xqlw ghpdqg dvvxpswlrq
K71 Wklv lqvwlwxwlrqdo uxoh zdv lq irufh lq wkh dxfwlrqv xqghuo|lqj wkh gdwd
vwxglhg e| Dvkhqihowhu +4<;<,/ h{fhsw dw Exwwhuhog*v Vdq Iudqflvfr1 Uho|lqj
rq wkh hpslulfdo idfw wkdw sulfh ghfuhdvhv duh pruh dssduhqw dw Exwwhuhog*v/
Dvkhqihowhu +4<;<, vxjjhvwv wkdw wkh ex|hu*v rswlrq frqvwlwxwhv d zd| wr
uhgxfh sulfh ghfuhdvhv1
Eodfn dqg gh Ph}d +4<<5, dqg Exujxhw dqg Vdnrylfv +4<<:, vkrz wkdw
sulfhv pljkw ghfolqh hyhq li elgghuv duh ulvn qhxwudo1 Exujxhw dqg Vdnrylfv
+4<<:, vkrz wkdw wkh hqgrjhqrxv xqfhuwdlqw| derxw wkh qxpehu ri ixwxuh
dxfwlrqv jhqhudwhg e| wkh ex|hu*v rswlrq ohdgv wr d sulfh ghfuhdvh iru vhfrqg0
sulfh dxfwlrqv dqg lqghshqghqw sulydwh ydoxhv1
Lq Eodfn dqg gh Ph}d +4<<5,/ doo elgghuv kdyh ghfuhdvlqj pdujlqdo xwlo0
lw| dqg pxowl0xqlw ghpdqg dqg wkh ex|hu*v rswlrq vwloo ohdgv wr ghfuhdvlqj
h{shfwhg sulfhv1 Wklv uhvxow fdq eh h{whqghg wr Hqjolvk dxfwlrqv1 Rq wkh
frqwudu|/ zkhq wkh ex|hu*v rswlrq grhv qrw h{lvw sulfhv duh olnho| wr lqfuhdvh1
Jlqvexujk +4<<;, qrwhv wkdw wklv ex|hu*v rswlrq lv h{huflvhg lq 6: shufhqw
ri wkh fdvhv dw zlqh dxfwlrqv dw Fkulvwlh*v1 Wklv vxjjhvwv wkdw/ dv wkh rswlrq
45lv qrw h{huflvhg rq doo wkh orwv/ wkh sulfh sdlg iru wkh uvw orw pljkw eh kljkhu
wkdq wkh pdunhw0fohdulqj sulfh1 Wklv rswlrq wkhuhiruh frqvwlwxwhv d jrrg
h{sodqdwlrq iru wkh sulfh ghfuhdvhv1
61415 H{rjhqrxv xqfhuwdlqw| derxw vxsso|
H{rjhqrxv xqfhuwdlqw| derxw vxsso| fdq eh revhuyhg dw vk pdunhwv1 Wkh
dxfwlrq vwduwv zlwk wkh duulydo ri wkh uvw vkls dqg jrhv rq dffruglqj wr
ixuwkhu duulydov1 Sh}dqlv0Fkulvwrx +4<<:, dggv h{rjhqrxv xqfhuwdlqw| derxw
vxsso| wr d Zhehu +4<;6, iudphzrun dqg qgv d sulfh0ghfolqh lq uvw dqg
vhfrqg sulfh dxfwlrqv1 Exujxhw dqg Vdnrylfv +4<<:, uhdfk wkh vdph frqfox0
vlrq zkhq wkh xqfhuwdlqw| derxw vxsso| glvdsshduv diwhu wkh uvw dxfwlrq lq
d xqlirup sulfh dxfwlrq1
615 Wkh vdoh lv rujdql}hg e| ghfuhdvlqj txdolw|
Rughulqj wkh lwhpv dxfwlrqhg e| ghfuhdvlqj txdolw| pljkw dulvh iurp d ghole0
hudwh fkrlfh ri wkh dxfwlrqhhu dqg2ru wkh vdohvurrp/ ru eh d frqvhtxhqfh ri
wkh dxfwlrq irupdw +srrohg dxfwlrq,1
61514 Wkh rughu ri wkh vdoh lv h{rjhqrxv
Shvdqgr dqg Vkxp +4<<9, h{dplqh wkh sulfh0ghfolqh dqrpdo| e| frpsdulqj
sulfhv ri Slfdvvr sulqwv vrog gxulqj wkh vdph vdoh dqg dvvxphg wr eh lghqwlfdo1
Wkh whvw ri qr vljqlfdqw glhuhqfh ehwzhhq wzr sulfhv lv dozd|v uhmhfwhg= rq
wkh zkroh vdpsoh +434 sdluv,/ wkh sulfh ri wkh uvw sulqw lv rq dyhudjh <(
kljkhu wkdq wkh sulfh ri wkh vhfrqg1 Krzhyhu/ wkh dxwkruv qrwh wkdw wkhlu
dqdo|vlv grhv qrw wdnh lqwr dffrxqw glhuhqfhv lq txdolw| dqg wkh vwdwh ri
frqvhuydwlrq ri wkh sulqwv1 H{shuwv iurp Fkulvwlh*v dqg Vrwkhe|*v dgplw
wkdw/ lq jhqhudo/ wkh| suhihu qrw wr vhoo wzr sulqwv ri wkh vdph zrun gxulqj
wkh vdph dxfwlrq/ exw zkhq wklv lv wkh fdvh/ wkh ehwwhu txdolw| sulqw lv dozd|v
46vrog uvw1 Khqfh/ li ex|huv duh ulvn qhxwudo/ dqg zlwkrxw txdqwlw| frqvwudlqwv/
lw lv txlwh qdwxudo iru wkh sulfh ri wkh uvw pxowlsoh vrog wr eh kljkhu wkdq
wkdw ri wkh vhfrqg1
Lq dq lqghshqghqw sulydwh ydoxh prgho/ Ehjjv dqg Judgg| +4<<:, vkrz
wkdw rughulqj sdlqwlqjv e| ghfuhdvlqj ydoxh pljkw lqfuhdvh wkh sulfh0ghfolqh=
wkh udwlr kdpphu0sulfh2suhvdoh hvwlpdwh lv ghfuhdvlqj1
61515 Wkh rughu ri wkh vdoh lv hqgrjhqrxv= wkh srrohg dxfwlrq
D sduwlfxodu w|sh ri dxfwlrq fdq eh ylhzhg dv d ghfuhdvlqj txdolw| dxfwlrq=
wkh srrohg dxfwlrq/ ru uljkw wr fkrrvh dxfwlrq1 Dw hdfk vwhs/ elgghuv frpshwh
wr kdyh wkh uljkw wr fkrrvh dq remhfw dprqj wkh remhfwv qrw |hw vrog1 Lq wkh
f d v hr ir e m h f w vr ig l  h u h q wt x d o l w | /l wl vq r wv x u s u l v l q jw rr e v h u y hdg h f u h d v h
lq sulfh1
Jdoh dqg Kdxvfk +4<<7, frpsduh sulfh wuhqgv dqg h!flhqf| ri vhdohg0
elg vhtxhqwldo dxfwlrqv dqg uljkw wr fkrrvh dxfwlrqv1 Wkh| frqvlghu wzr
elgghuv zlwk xqlw ghpdqg dqg wzr vwrfkdvwlfdoo| lghqwlfdo remhfwv1 Wklv
doorzv wkh elgghuv wr kdyh glhuhqw ydoxhv iru hdfk remhfw1 Lq frqwudvw wr
Hqjhoeuhfkw0Zljjdqv +4<<7, dqg Vfrrqhv dqg Ehuqkdugw +4<<7,/ elgghuv duh
vxssrvhg wr nqrz wkhlu ydoxdwlrqv iru wkh wzr remhfwv ehiruh wkh uvw dxfwlrq
wdnhv sodfh1 Jdoh dqg Kdxvfk +4<<7, vkrz wkdw d vhfrqg sulfh vhdohg0elg
vhtxhqwldo dxfwlrq pd| ohdg wr d qrq0h!flhqw doorfdwlrq/ zkhuhdv d uljkw wr
fkrrvh dxfwlrq ohdgv wr d sulfh ghfolqh dqg dq h!flhqw doorfdwlrq1
47616 Zulwwhq elgv iurp devhqwhhv
Jlqvexujk +4<<;, vkrzv wkdw lq wkh fdvh ri zlqh dxfwlrqv wkh sulfh ghfolqh
lv olnho| wr eh fdxvhg e| d kljk qxpehu ri zulwwhq elgv144 Lq idfw/ kh qrwlfhv
d sulfh ghfolqh lq prvw ri wkh fdvhv +4:< rxw ri 6<<, dqg lq sduwlfxodu zkhq
zulwwhq elgv +uhjlvwhuhg e| wkh dxfwlrqhhu ehiruh wkh vdoh, zlq doo wkh orwv ri
zlqh lq d sdufho1 Zkhq wkhvh uhvhuydwlrq ydoxhv duh kljkhu wkdq wkrvh ri wkh
elgghuv suhvhqw dw wkh dxfwlrq/ wkh dxfwlrqhhu dvvljqv orwv dffruglqj wr wkh
ghfuhdvlqj ydoxh ri zulwwhq elgv dqg wkh fruuhvsrqglqj txdqwlwlhv vxssolhg=
wkh ghfuhdvh lv wkhq dxwrpdwlf1 Lq wkh suhvhqfh ri d kljk sursruwlrq ri zulwwhq
elgv/ wkh dxfwlrq phfkdqlvp dxwrpdwlfdoo| dwwulexwhv wkh remhfwv iurp wkh
kljkhvw wr wkh orzhvw zulwwhq elgv/ zklfk h{sodlqv wkh sulfh ghfuhdvh1
Wkh suhylrxv wkhruhwlfdo prghov hdfk uhod{ dw ohdvw rqh k|srwkhvlv ri
Zhehu*v uhihuhqfh prgho +4<;6,1 Wkh| rhu sodxvleoh h{sodqdwlrqv iru wkh
sulfh ghfolqh revhuyhg rq vrph pdunhwv1 Vrph vshflf dxfwlrq uxohv pd|
hyhq pdnh wkh ghfolqh lqhylwdeoh1 Qhyhuwkhohvv/ wkh zd| vrph jrrgv duh vrog
dw sxeolf dxfwlrqv +h1j1/ zlqhv/ sdlqwlqjv/ yhklfohv/ froohfwlrq vwdpsv/ mhzhov/
 dwv/ hwf1,/ lv idu iurp wkh uhihuhqfh iudphzrun1 Vlqfh prvw ri wkh dvvxpswlrqv
pdgh lq wkh wkhruhwlfdo prghov gr qrw krog iru wkh w|sh ri remhfwv vrog lq
uhdo dxfwlrqv/ d sulfh wuhqg revhuyhg lq hpslulfdo gdwd fdqqrw eh frqvlghuhg
dv d ydolgdwlrq ri dq| wkhruhwlfdo dxfwlrq prgho1
Pruhryhu/ wkh zd| wuhqgv duh ghwhuplqhg lq wkh olwhudwxuh lv txhvwlrqdeoh1
Wkh qh{w vhfwlrq suhvhqwv wkh wkuhh pdlq phwkrgv xvhg dqg irfxvhv rq wkh
whfkqltxhv djjuhjdwlqj lqglylgxdo sulfh yduldwlrqv1 Vhfwlrq 8 hvwdeolvkhv wkhlu
uhodwlyh eldv dqg vkrzv krz wkh| pd| lq xhqfh wkh frpsxwdwlrq ri wkh wuhqg1
44Wkh zulwwhq elgv duh wkh uhvhuydwlrq ydoxhv/ iru rqh orw ru pruh/ e| elgghuv qrw dw0
whqglqj wkh vdoh +wkh devhqwhh elgghuv,1
487 Wkh glhuhqw phdvxuhv ri wkh wuhqg
Iru vhtxhqwldo dxfwlrqv ri pxowlsoh orwv vrog vxffhvvlyho|/ wkh vhtxhqfh ri orwv
fdq eh ylhzhg dv d vxe0vdoh zlwklq wkh vdoh1 Wkh sxusrvh lv wr phdvxuh wkh
wuhqg ri wklv vhtxhqfh1 Wkh sulfh yduldwlrqv kdyh wr eh djjuhjdwhg lq rughu wr
frpsxwh dq ryhudoo sulfh wuhqg1 Wklv h{huflvh lv pruh frpsoh{ wkdq lw vhhpv1
Iluvw/ wkh remhfwv duh qrw frpsohwho| lghqwlfdo1 Wkh| fdq riwhq eh glhu0
hqwldwhg= Txdolw| ri froruv ru suhvhuydwlrq fdq glhu ehwzhhq wzr sulqwv ri
wkh vdph zrun/ vshflf fkdudfwhulvwlfv fdq h{sodlq d sulfh glhuhqfh ehwzhhq
wzr erwwohv ri wkh vdph zlqh +wkh ixooqhvv ri d erwwoh/ wkh frorxu ri wkh
zlqh/ hwf1,145 Lqirupdwlrq derxw wkh txdolw| ri wkh remhfwv lv orvw xqohvv rqh
dwwhqgv wkh dxfwlrq/ exw wkh ex|huv pd| wdnh wklv lqirupdwlrq lqwr dffrxqw
zkhq elgglqj1 Li wkh remhfwv +dowkrxjk vlplodu, duh udqnhg dqg dxfwlrqhg df0
fruglqj wr wkhlu txdolw| +zklfk lv iuhtxhqwo| wkh fdvh dv phqwlrqhg lq Vhfwlrq
615,/ wkh wuhqg lv eldvhg1
Vhfrqg/ txdqwli|lqj wkh sulfh wuhqg uhtxluhv djjuhjdwlrq ri wkh sulfh ydul0
dwlrqv ri sdufhov ri vlplodu jrrgv1 Lq idfw/ dsduw iurp wkh +k|srwkhwlfdo, fdvh
zkhuh wkh vdph wuhqg +lqfuhdvh/ ghfuhdvh ru vwdelolw|, rffxuv iru hdfk ri wkh
sdufhov/ lw lv qhfhvvdu| wr qg d phwkrg wkdw vxpv xs wkhvh yduldwlrqv vwd0
wlvwlfdoo|/ dqg lqwhusuhw lw1 Dxfwlrq uhvxowv vkrz wkdw lw lv srvvleoh wr revhuyh
d 83 ( sulfh yduldwlrq ehwzhhq wkh sulfhv ri wzr vlplodu jrrgv vrog gxulqj
wkh vdph vdoh1 Pruhryhu/ sulfh ohyhov ri glhuhqw vxe0vdpsohv pd| suhvhqw d
kxqguhg0irog yduldwlrq$ Lw lv lpsruwdqw wkhuhiruh wr yhuli| zkhwkhu wkh fkrlfh
ri wkh djjuhjdwlrq phfkdqlvp fdq lq xhqfh wkh uhvxow1
Wklug/ zkhq wkhuh duh pruh wkdq wzr orwv/ vrph dxwkruv +PfDihh dqg
Ylqfhqw/ 4<<6, duelwudulo| fkrrvh d sdlu ri orwv1 Vhfwlrq 9 vkrzv wkh frqvh0
txhqfhv ri vxfk d fkrlfh rq wkh ydoxdwlrq ri wkh wuhqg1
45Vhh Gl Ylwwrulr dqg Jlqvexujk +4<<7, iru pruh ghwdlov1
49714 Frpsdulvrq ri sulfhv rewdlqhg e| wzr glhuhqw
phfkdqlvpv
Dvkhqihowhu dqg Jhqhvryh +4<<5, frpsduh wkh sulfhv sdlg lq idfh0wr0idfh edu0
jdlqlqj zlwk wkh sulfhv ihwfkhg iru lghqwlfdo frqgrplqlxp xqlwv vrog dw dxf0
wlrq1 Wkhlu olqh ri uhdvrqlqj lv wkh iroorzlqj= Li wkh sulfh0ghfolqh dqrpdo|
zdv wuxo| d uhvxow ri wkh dxfwlrq phfkdqlvp/ wkhq dq| uhodwlrqvkls ehwzhhq
wkh dxfwlrq elg sulfh dqg wkh rughu ri vdoh +dw wkh dxfwlrq, zrxog glvdsshdu
zkhq wkh lwhp zdv uhvrog1
Wkh| qg wkdw dxfwlrq sulfhv iru lghqwlfdo xqlwv duh dssur{lpdwho| 46(
kljkhu wkdq wkrvh rewdlqhg lq idfh wr idfh edujdlqlqj iru wkh xqvrog xqlwv
dqg fodlp wkdw d sulfh0ghfolqh dqrpdo| rffxuv diwhu fruuhfwlqj iru txdolw|
glhuhqfhv1
Hyhq wkrxjk wkh lghd lv lqwhuhvwlqj/ wkh dssurdfk ri wkh dxwkruv fdq eh
txhvwlrqhg1 Rq wkh rqh kdqg/ wkh idfw wkdw elgghuv duh qrw reoljhg wr ex| wkh
frqgrplqlxp wkh| elg iru pljkw lqgxfh d eldv lq wkh surfhvv ohdglqj wr dq
ryhuydoxdwlrq ri wkh sulfh ihwfkhg e| wkh frqgrplqlxp dw wkh dxfwlrq1 Lq d
srrohg dxfwlrq/ wklv ryhuydoxdwlrq lv uhyhdohg e| dq hduolhu rughu ri vdoh1 Rq
wkh rwkhu kdqg/ wkh dxwkruv dqdo|vh wkh wuhqg ri wkh vhtxhqfh e| mx{wdsrvlqj
glhuhqw srrohg dxfwlrqv/ zklfk lv dovr rshq wr fulwlflvp1 Ixuwkhpruh/ wkh
vpdoo qxpehuv ri revhuydwlrqv ri wkh idfh wr idfh edujdlqlqj +64, pljkw eh
vxemhfw wr lqglylgxdo fkdudfwhulvwlfv1
715 Frpsdulqj lqglylgxdo wuhqgv
Dvkhqihowhu +4<;<, dqg PfDihh dqg Ylqfhqw +4<<6, frpsduh wkh sulfhv ri
lghqwlfdo orwv ri zlqhv vrog dw wkh vdph vdoh dqg revhuyh wkdw sulfhv duh
wzlfh dv olnho| wr ghfuhdvh wkdq wr lqfuhdvh/ d skhqrphqrq uhihuuhg wr dv wkh
4:diwhuqrrq hhfw146 Wkhvh wzr vwxglhv lpsolflwo| dvvxph wkdw/ rq dyhudjh/ wkh
qxpehu ri ghfuhdvhv vkrxog eh htxdo wr wkh qxpehu ri lqfuhdvhv1
Krzhyhu/ Nhvhu dqg Rovrq +4<<9, qrwlfh wkdw wklv dvvxpswlrq rqo| krogv
li wkh sulfh glvwulexwlrq ri wkh remhfwv vrog lv v|pphwulf/ zklfk lv qrw wkh fdvh
zkhq wkh sulfh glvwulexwlrq uholhv rq wkh rughu vwdwlvwlf ri ex|huv* ydoxdwlrqv1
Wkh| vkrz wkdw dq dv|pphwulf ghfolqh rffxuv hyhq wkrxjk wkh dyhudjh sulfh
lv wkh vdph1 Wkh shufhqwdjh ghfolqh ehwzhhq wkh uvw dqg wkh vhfrqg remhfw
dxfwlrqhg ydulhv dffruglqj wr wkh glvwulexwlrq/ wkh qxpehu ri elgghuv dqg
wkh qxpehu ri remhfwv1 Wkxv/ wkh| frqfoxgh wkdw wkh sulfh wuhqg fdqqrw eh
frpsxwhg e| vlpso| frpsdulqj wkh qxpehu ri lqfuhdvhv dqg ghfuhdvhv1
Pruhryhu/ frxqwlqj wkh qxpehu ri lqfuhdvhv ru ghfuhdvhv grhv qrw jlyh
dq| lqirupdwlrq derxw wkh dpsolwxgh ri wkh sulfh wuhqg1
716 Djjuhjdwlqj sulfh yduldwlrqv ri vlplodu remhfwv
Wkh remhfwlyh lv wr qg d vwdwlvwlf +d vlqjoh qxpehu, vxpplqj xs wkh ydul0
dwlrqv frpsxwhg rq hdfk sdufho ri vlplodu orwv/ lq rughu wr whvw lwv htxdolw|
wr }hur1 Li htxdolw| lv dffhswhg/ wkhuh lv qr wuhqg rq dyhudjh/ rwkhuzlvh/ wkh
vljq ri wkh vwdwlvwlf zloo glvfulplqdwh ehwzhhq dq lqfuhdvh dqg d ghfuhdvh1
Lqgh{ qxpehuv duh zlgho| xvhg iru frqvwuxfwlqj sulfh lqglfhv1 Vxfk lqgh{
qxpehuv +iru h{dpsoh dv Odvsh|uhv/ Sddvfkh/ Ilvkhu/ Zdovfk ru Wùuqtylvw
lqglfhv, djjuhjdwh wkh yduldwlrqv revhuyhg ehwzhhq wzr shulrgv +elodwhudo lq0
gh{, ru fkdlq wkhp lq rughu wr vwxg| orqjhu shulrgv +pxowlodwhudo lqgh{,1
Wkhvh lqglfhv fdq dovr eh dgdswhg wr vwxg| sulfh pryhphqwv lq dxfwlrq lq d
elodwhudo iudph1
46Dvkhqihowhu +4<;<, frpsduh 56:3 sdluv ri remhfwv iru Fkulvwlh*v Orqgrq/ 4979 sdluv
iru Vrwkhe|*v Orqgrq/ 7<< sdluv iru Fkulvwlh*v Fklfdjr dqg 433 sdluv iru Exwwhu￿hog*v Vdq
Iudqflvfr1 PfDihh dqg Ylqfhqw +4<<6, zrun rq 744 sdluv1
4;Frqvlghu  sdufhov /  ' cc ri vlplodu orwv ri remhfwv vrog dw dxfwlrq1
Ghqrwh  ?
￿ wkh sulfh lq sdufho  ri orw vrog dw udqn ?/ ? ' cc 7 ?￿ /z k h u h7 ? ￿
lv wkh qxpehu ri wkh orwv ri wkh sdufho l/ zlwk 7 ?￿  2 ; 1
Iluvw/ rqo| sdluv ri vlplodu orwv duh vwxglhg1 Vhfwlrq 9 zloo frqvlghu gli0
ihuhqw zd|v ri vhohfwlqj sdluv zkhq wkhuh duh pruh wkdq wzr vlplodu orwv lq d
sdufho1 Ohw ghqrwh  ￿
￿ wkh sulfh ri wkh uvw orw vrog ri wkh sdlu /d q g 2
￿ wkh
sulfh ri wkh vhfrqg orw ri wkh sdlu 1G h  q h@ ￿dv wkh udwlr  2
￿ *￿
￿ 1 Qrwh wkdw
wkh  sdluv pd| frph iurp glhuhqw vdohv1
Wzr w|shv ri sulfh lqglfhv duh xvxdoo| xvhg iru vhtxhqwldo dxfwlrqv ri
pxowlsoh remhfwv= wkh Dulwkphwlf Phdq ri Udwlrv +DPU, dqg wkh Udwlrv ri
wkh Vxpv ri Sulfhv +UVS,1 Wzr rwkhu phwkrgv/ wkh Jhrphwulf Phdq ri Udwlrv
+JPU, dqg wkh Ilvkhu Sulfh Lqgh{ +ISL,/ wkdw kdyh surshuwlhv wkdw duh pruh
vxlwdeoh wr elodwhudo lqglfhv zloo dovr eh vwxglhg1
Wkh Dulwkphwlf Phdq ri Udwlrv/ fhuwdlqo| wkh prvw zlgho| xvhg lq
wkh dxfwlrq olwhudwxuh/ frqvlvwv lq frpsxwlqj wkh udwlr ri wkh vhfrqg sulfh
glylghg e| wkh uvw sulfh iru hdfk sdlu ri remhfwv/ dqg wkhq frpsxwlqj wkh


















Wklv sulfh lqgh{ kdv ehhq xvhg e| Dvkhqihowhu +4<;<,/ dqg PfDihh dqg
Ylqfhqw +4<<6,/ lq vwxglhv ghdolqj zlwk vlplodu orwv ri zlqh vrog dw dxfwlrq1
Erwk irxqg wkdw wkh phdq ri wkh udwlrv lv vljqlfdqwo| orzhu wkdq rqh iru
hdfk ri wkh dxfwlrq krxvhv/ dqg frqfoxgh lq idyrxu ri d sulfh ghfolqh1
Ghvslwh lwv frpprq xvh/ d vlpsoh frxqwhulqwxlwlyh h{dpsoh vkrzv dq lp0
sruwdqw gudzedfn1 Dvvxph wzr sdluv ri remhfwv duh vrog dw dxfwlrq= sulfhv
ri wkh uvw sdlu duh uhvshfwlyho| 43 dqg 53/ wkrvh ri wkh vhfrqg sdlu 53 dqg
4<431 Wkh dulwkphwlf phdq ri wkh udwlrv lv 4158/ dq lqfuhdvh ri 58(/ zkhuhdv d
s u l r u lq rw u h q gh { l v w vl qw k l vv d p s o h 1 47
Wkh Udwlr ri wkh Vxpv ri Sulfhv lv wkh vxp ri wkh vhfrqg sulfhv
glylghg e| wkh vxp ri wkh uvw sulfhv1 Lw lqghshqghqwo| djjuhjdwhv uvw














Shvdqgr dqg Vkxp +4<<9, xvh wkh UVS phwkrg dqg qg d sulfh ghfolqh lq
d vwxg| rq Slfdvvr sulqwv1 Wklv phwkrg zhljkwv lqglylgxdo udwlrv @￿ glhuhqwo|
dffruglqj wr wkh ohyho ri sulfh  ￿
￿ / zklfk lv qrw wkh fdvh iru wkh wkuhh rwkhu
phwkrgv1
Wkh wzr rwkhu lqglfhv gr qrw vhhp wr kdyh ehhq xvhg wr djjuhjdwh sulfh
p r y h p h q w vd wd x f w l r qe x wv h h pw re hd vs u r p l v l q j 1



















￿ dqg  2
￿ vwulfwo| srvlwlyh1
Wklv phwkrg uhtxluhv hyhu| sulfh wr eh vwulfwo| srvlwlyh/ zklfk lv fohduo|
wkh fdvh zlwk dxfwlrq sulfhv1
Wkh Ilvkhu Sulfh Lqgh{ riwhq dsshduv lq wkh lqgh{ qxpehu olwhudwxuh dv
dq lghdo fkrlfh1 Lw lv frpsxwhg wkurxjk wkh Kduprqlf Phdq Udwlr48 +KPU,
dqg wkh DPU/ dqg fdq eh zulwwhq dv=
















47Wklv gudzedfn lv nqrzq lq wkh olwhudwxuh dv ￿frpsxwdwlrq irupxod eldv￿ +vhh Glhzhuw/




538 Krz wkh fkrlfh ri d phwkrg lq xhqfhv wkh
uhvxowv
Wkh sxusrvh ri wklv vhfwlrq lv wr hvwdeolvk krz wkh fkrlfh ri d sulfh lqgh{
wr phdvxuh wkh phdq yduldwlrq ri wkh sulfhv ri vlplodu jrrgv zlwklq d vdoh
+ru d vhw ri vdohv, pd| fkdqjh wkh uhvxowv/ ghshqglqj rq wkh glvwulexwlrq
ri lqglylgxdo sulfh yduldwlrqv1 Iluvw/ qrwh wkdw DPU/ JPU dqg ISL pdvn
wkh sulfh ohyhov zlwk wkh xvh ri udwlrv/ dv rssrvhg wr UVS zkhuh sulfh ohyhov
dsshdu lq wkh irupxod1 Vhfrqg/ wkh phwkrgv vxlwdeoh iru sdluv duh DUP dqg
ISL/ ehfdxvh rwkhuv djjuhjdwh ru fdq eh uhzulwwhq dv djjuhjdwlqj wkh uvw
dqg wkh vhfrqg sulfhv lqghshqghqwo|1 Wklug/ wkh idfw wkdw JPU 	 DPU
frqvwlwxwhv d vwuxfwxudo vrxufh ri eldv ehwzhhq wkh wzr phwkrgv hvshfldoo|
zkhq sulfh pryhphqwv zlwklq wkh sdluv ydu| vljqlfdqwo|1
Wkh d{lrpdwlf dssurdfk wr lqgh{ qxpehu wkhru| jlyhv ixuwkhu lqglfdwlrqv
derxw wkh surshuwlhv ri wkh glhuhqw lqglfhv +vhh Glhzhuw/ 4<;: iru d frpsohwh
suhvhqwdwlrq ri hohyhq surshuwlhv,1 Vshfldo frqvlghudwlrq lv jlyhq wr surshuwlhv
uhohydqw iru elodwhudo lqglfhv +iru h{dpsoh/ txdqwlwlhv ri hdfk remhfw duh {hg
wr rqh vr wkdw doo surshuwlhv frqfhuqlqj txdqwlwlhv duh qrw frqvlghuhg,1
Wzr lqglfhv gr qrw ixoo doo surshuwlhv=
0 DPU grhv qrw vdwlvi| wkh wlph uhyhuvdo surshuw| dvvxplqj d v|pphw0























0 UVS grhv qrw vdwlvi| wkh lqyduldqfh wr fkdqjh lq xqlwv ri phdvxuhphqw
surshuw|/ ehfdxvh sulfh ohyhov dsshdu lq wkh frpsxwdwlrqv1 Wklv grhv qrw
frqvwlwxwh d pdmru gudzedfn zlwklq rxu sduwlfxodu iudph1 Wkh UVS phwkrg
frpsxwhv sulfh yduldwlrqv lq d zd| forvho| uhodwhg wr wkh fdofxodwlrq ri wkh
54|lhog ri d sruwirolr ri vkduhv/ zkhuh wkh qxpehu ri hdfk w|sh ri vkduh lv
zhljkwhg e| lwv lqglylgxdo |lhog1
Wkh glhuhqw irupxod eldvhv ehwzhhq sulfh lqglfhv duh hvwdeolvkhg khuh0
diwhu +vhh dsshqgl{ iru surriv,1 Wkh glhuhqw uhodwlrqv gr qrw ghshqg rq wkh
glvwulexwlrqv ri @￿/  ￿
￿ ru  2
￿ dw doo/ exw rqo| uhtxluh wkdw @oE@/w k hy d u l d q f h
ri @￿/h { l v w v 1
Xvlqj d vhfrqg0rughu vhulhv dssur{lpdwlrq/ wkh glhuhqfh ehwzhhq JPU
dqg DPU dsshduv dv=






J| vwdqgv iru kljkhu rughu whup1


















Wkh eldv ehwzhhq UVS dqg DPU ghshqgv rq wkh fryduldqfh dqg wkh phdq
ri wkh uvw sulfhv=
-7  - *
SJE@c￿
￿ c
Zkhuh SJE@c￿ lv wkh fryduldqfh ehwzhhq @￿ dqg  ￿
￿ /d q g ￿lv wkh
dyhudjh ri wkh  ￿
￿ 1
Qrwlfh wkdw=
554, Li @oE@ $ f wkhq d8U -o $ fc dC-  -o $ f dqg
d8UC-o $ f1
5, Li SJE@c￿ $ fc wkhq d-7  -o $ f1
Wkh eldvhv duh frpsxwhg e| xvlqj irupxodh suhvhqwhg deryh/ zlwk gli0
ihuhqw ydoxhv iru @oE@ dqg @1 Iljxuhv 4 wr 6 uhsuhvhqw wkh vsuhdg ehwzhhq
DPU/ JPU dqg ILS frpsxwhg iru ydoxhv ri @oE@/ ehwzhhq 3 dqg 3135
+vwhsvl}h 31338, dqg iru ydoxhv ri DPU +ru @, ehwzhhq 31<: dqg 4136/ l1h1
06( dqg 6( +vwhsvl}h 31338,1
^Iljxuh 4 derxw khuh`
Iljxuh 4 vkrzv wkdw glhuhqfhv ehwzhhq JPU dqg DPU duh srvlwlyh
+zklfk lv qrw d vxusulvh,/ doprvw olqhdu lq DPU/ dqg dssur{lpdwho| zruwk
kdoi wkh ydoxh ri @oE@1
^Iljxuh 5 derxw khuh` ^Iljxuh 6 derxw khuh`
Wklv lv dovr wkh fdvh zlwk wkh glhuhqfhv ehwzhhq ISL dqg DPU/ sorwwhg
lq Iljxuh 51 Iljxuh 6 vkrzv wkh glhuhqfhv ehwzhhq ISL dqg JPU dqg whoov
txlwh d glhuhqw vwru|= wkh vsuhdg lv qrw prqrwrqlf lq @ qru lq @oE@/e x wl v
yhu| vpdoo1 Wr vxp xs JPU dqg ISL duh yhu| forvh dqg DPU |lhogv uhvxowv
yhu| glhuhqw iurp wkrvh ri JPU dqg ISL1 Zkhq @oE@ lv vx!flhqwo| odujh/
wkhvh glhuhqfhv ehwzhhq wkh hvwlpdwruv pljkw ohdg wr glhuhqw frqfoxvlrqv
zkhq dssolhg wr uhdo gdwd1
Wr fohduo| vkrz wkh glhuhqfhv ehwzhhq UVS dqg DPU/ vrph vlpsoh


























56zkhuh SJoo vwdqgv iru wkh frh!flhqw ri fruuhodwlrq dqg S vwdqgv iru wkh
frh!flhqw ri yduldwlrq1
^Iljxuh 7 derxw khuh`
Lq Iljxuh 7 wkh vsuhdg ehwzhhq UVS dqg DPU lv uhsuhvhqwhg dv d ixqfwlrq
ri SJooE@c￿ dqg @oE@/ { l q jS iru ￿ wr rqh149 Qrwh wkdw wkh glhuhqfh
lqfuhdvhv zlwk wkh pdjqlwxgh ri wkh fruuhodwlrq/ exw zlwk wkh rssrvlwh vljq/
dqg lqfuhdvhv zlwk @oE@1Z k h qSJooE@c￿'f /D P U@U V S /d vh { s h f w h g 1
Wkhuhiruh/ zkhq SJooE@c￿ l vf o r v hw r} h u r /D P Ud q gU V Sd u hy h u |
forvh dqg odujhu wkdq JPU dqg ISL1 Zkhq SJooE@c￿ l q f u h d v h vl qd e v r o x w h
ydoxh/ UVS glhuv iurp DPU/ dqg lv orzhu wkdq JPU dqg ISL iru fruuhodwlrq
kljkhu wkdq 31481
9 Hpslulfdo hylghqfh iurp zlqh dxfwlrqv
Wkh gdwd dqdo|vhg duh 5/<7: orwv ri zlqh vrog dw Fkulvwlh*v Orqgrq ehwzhhq
Ghfhpehu 4<<8 dqg Iheuxdu| 4<<914: Wkh vhohfwlrq fulwhuld xvhg e| Dvkhq0
ihowhu +4<;<, dqg PfDihh dqg Ylqfhqw +4<<6, duh vwulfwo| uhvshfwhg= wkh wzr
odvw orwv ri hdfk sdufho ri zlqh ri vdph ylqwdjh/ vdph fdsdflw|/ vdph orw vl}h
+5/ 9/ 45/ 57 erwwohv/ hwf1,1 Khqfh/ wkhuh duh 41493 orwv ri zlqh ehorqjlqj wr
75: sdufhov zkrvh vl}h olhv ehwzhhq 5 dqg : orwv1 Iru qrz/ rqo| wkh wzr odvw
orwv ri hdfk sdufho duh vhohfwhg1 Vhfwlrq 915 vwxglhv krz sulfh wuhqgv ydu|
zlwk wkh fkrlfh ri wzr orwv iurp d sdufho1 Vhfwlrq 916 dqg 917/ uhvshfwlyho|/
vwxg| wkh lpsruwdqfh ri wkh vl}h ri wkh sdufho dqg ri wkh qxpehu ri orwv vwloo
wr eh vrog1
49D gl￿huhqw ydoxh iru fy+S 4, rqo| lpsolhv dq krprwkhwlf yduldwlrq ri UVS0DPU1 Qrwh
iru h{dpsoh wkdw dxfwlrq gdwd iru orwv ri zlqh +vhfwlrq 9, vkrz d fy ri 41481
4:Zh duh yhu| judwhixo wr Ylfwru Jlqvexujk iru doorzlqj xv wr xvh klv gdwd1
57914 Frpsdulqj wkh irxu hvwlpdwruv
Vlpsoh vwdwlvwlfv vkrz wkdw sulfhv gr qrw fkdqjh lq 5;5 fdvhv +99(,/ ghfuhdvh
lq 45: fdvhv +5<1:(, dqg lqfuhdvh lq 4; fdvhv +716(,1 Wkh irxu lqglfhv/ zkhq
frpsxwhg iru wkh 75: sdluv ri sulfhv/ frqup wkhvh uvw qglqjv/ lq wkh vhqvh
wkdw hdfk ri wkhp lv qhjdwlyh/ ehwzhhq 04186( iru DPU dqg 041;7( iru UVS1
Wkh| duh qrwhg w￿ lq Wdeoh 41
Wkh 75: revhuyhg sulfh sdluv fdq eh vhhq dv ehlqj gudzq iurp d sdlu ri
xqnqrzq glvwulexwlrq ixqfwlrqv/4; zklfk zloo eh xvhg wr vwxg| wkh hpslul0
fdo glvwulexwlrqv dqg whvw wkh glhuhqfh ehwzhhq wkh lqglfhv zlwk errwvwuds
surfhgxuhv1
75: sdluv ri sulfhv duh gudzq zlwk uhsodfhphqw dprqj wkh 75: revhuyhg
sdluv1 Wkhq wkh irxu lqglfhv w
W
K +DPU/ JPU/ UVS dqg ISL, duh frpsxwhg iru







iru hdfk ri wkh lqglfhv1 Wkh hpslulfdo glvwulexwlrq iru hdfk w




2duh dovr frpsxwhg1 Lw lv wkhq srvvleoh wr revhuyh wkhlu
glvwulexwlrq dqg wr whvw wkh eldvhv ehwzhhq phwkrgv1 Elfnho dqg Iuhhgpdq
+4<;4, kdyh vkrzq/ xvlqj Pdoorzv* phdvxuh/ wkdw wkh w
W glvwulexwlrq lv d
frqyhujhqw dqg xqeldvhg hvwlpdwru ri wkh wuxh glvwulexwlrq w/ li erwk wkh
qxpehu ri uhsolfdwlrqv  dqg wkh vl}h ? ri wkh ruljlqdo gdwd duh odujh1
Wkh qxpehu ri uhsolfdwlrqv  lv vhw wr bbbb/ zklfk lv odujh hqrxjk wr doorz
vwdqgdug huuru dqg frqghqfh lqwhuydov frpsxwdwlrqv dffruglqj wr Hiurq dqg
Wlevkludql +4<<6,1 Uhvxowv fdq eh irxqg lq Wdeoh 4 iru hdfk ri wkh irxu lqglfh
hvwlpdwruv +errwvwuds vdpsoh 4,= wkh phdq w
W
￿/ wkh vwdqgdug huuru jW
￿ dqg
wkh <8( frqghqfh lqwhuydo ri wkh phdq edvhg rq wkh shufhqwloh glvwulexwlrq1
4;D mrlqw qrupdolw| whvw iru hdfk ri wkh glvwulexwlrqv srlqwv wr orj0qrupdolw| dw wkh 518(
vljql￿fdqfh ohyho1 Wkh phdq dqg vwdqgdug huuru iru wkh ￿uvw sulfh glvwulexwlrq duh 75318
dqg 7;7/ dqg iru wkh vhfrqg glvwulexwlrq/ 7451; dqg 7:71
58Wkh xqghuo|lqj glvwulexwlrqv duh uhsuhvhqwhg lq Iljxuh 81 UVS h{klelwv kljkhu
vwdqgdug huuru wkdq wkh rwkhuv1
^Iljxuh 8 derxw khuh`
Htxdolw| whvwv ehwzhhq w
W
￿ dqg wf duh frqgxfwhg rq wkh vlpxodwhg shu0
fhqwloh glvwulexwlrq iru hdfk lqgh{14< Lqghhg/ frqvwuxfwlqj frqghqfh lqwhu0
ydov iurp wkh frpsxwhg vwdqgdug huuruv jW lv lqdghtxdwh zkhq wkh hvwlpdwru
glvwulexwlrq lv qrw qrupdo/ dqg pruh jhqhudoo|/ zkhq lw lv qrw v|pphwulf1
Ohw k eh wkh vljqlfdqfh ohyho/ dqg ghqh w
W
￿J wkh ff  Ek*2 shufhqwloh
ri wkh w
W glvwulexwlrq/ dqg w
W
￿R wkh ff i E k*2j shufhqwloh1 Iru hdfk





Elodwhudo htxdolw| whvwv ehwzhhq w
W dqg wf f d qe hz u l w w h qd v =
M f=w
W
'w f=w k hw
W
hvwlpdwru lv htxdo wr wf
M￿= w
W 9' wf =w k hw
Whvwlpdwru vljqlfdqwo| glhuv iurp wf
Wkh ghflvlrq uxoh lv=




￿Ro/ wkh qxoo k|srwkhvlv lv dffhswhg dw wkh k vljqlfdqfh ohyho/
Li qrw/ wkh qxoo k|srwkhvlv lv uhmhfwhg dw wkh k vljqlfdqfh ohyho1
Wkh pdujlqdo vljqlfdqfh ohyho +s0ydoxh, lv frpsxwhg wkurxjk wkh errw0
vwuds glvwulexwlrq1 Lw uhsuhvhqwv wkh suredelolw|/ li wkh qxoo k|srwkhvlv lv wuxh/
ri revhuylqj d whvw vwdwlvwlf qr ohvv h{wuhph wkdq wkh rqh revhuyhg lq wkh vdp0
soh1 Wkh qxoo k|srwkhvlv lv uhmhfwhg li wkh s0ydoxh lv lqihulru wr d vljqlfdqfh
ohyho jhqhudoo| fkrvhq ehwzhhq 4( dqg 43(1
Wkh fruuhvsrqglqj s0ydoxhv +vhh Wdeoh 4, lqglfdwh wkdw qr phwkrg lv vlj0
qlfdqwo| eldvhg1
4<￿3 lv d jlyhq ydoxh ri wkh sdudphwhu/ fruuhvsrqglqj wr wkh qxoo k|srwkhvlv1
59D elodwhudo htxdolw| whvw w
W
￿@3 / iru hdfk ri wkh phwkrgv vkrzv d
vwurqjo| vljqlfdqw ghfolqh +s0ydoxhv forvh wr }hur,1 Jlqvexujk +4<<;, hp0
skdvl}hv wkdw wkh sulfh ghfolqh pd| pdlqo| eh h{sodlqhg e| wkh ex|hu*v rswlrq
dqg wkh h{lvwhqfh ri zulwwhq elgv1 Wkhvh srvvleoh h{sodqdwlrqv duh ljqruhg lq
rughu wr eh frpsdudeoh wr wkh Dvkhqihowhu +4<;<, dqg PdfDihh dqg Ylqfhqw
+4<<6, dssurdfkhv/ dqg wkh hpskdvlv lv sxw rq frpsxwdwlrqdo dvshfwv1
Wkh uhvxowv rewdlqhg iru hdfk phwkrg duh frkhuhqw dqg wkhuh lv qr grxew
derxw wkh h{lvwhqfh ri d sulfh ghfolqh lq wklv vdpsoh/ exw lw lv lqwhuhvwlqj wr
fkhfn li wkh irxu phwkrgv |lhog vljqlfdqwo| glhuhqw uhvxowv/ e| whvwlqj htxdo0
lw| ehwzhhq wuhqgv vkrzq e| wkh phwkrgv wdnhq wzr e| wzr +9 whvwv,/ xvlqj
wkh shufhqwlohv ri wkhlu glhuhqfh dv hvwlpdwru ri vwdqgdug huuruv1 Htxdolw| lv
uhmhfwhg dw wkh 43( vljqlfdqfh ohyho rqo| iru UVS0DPU/ zlwk d s0ydoxh ri
3139:1 Wkhvh wzr phwkrgv duh zlgho| xvhg wr frpsxwh sulfh wuhqgv lq vhtxhq0
wldo dxfwlrqv dqg wkh idfw wkh| frxog ohdg wr vljqlfdqwo| glhuhqw hvwlpdwlrqv
ri wkh wuhqg vxjjhvwv wkdw rqh vkrxog eh fdxwlrxv zkhq wkh ghfuhdvh lv qrw
zhoo0hvwdeolvkhg1
915 Wkh lpsruwdqfh ri fkrrvlqj sdluv
Zkhq d sdufho frqwdlqv pruh wkdq wzr orwv/ glhuhqw fkrlfhv duh srvvleoh wr
vhohfw d sdlu ri sulfhv1 Lq rughu wr vwxg| wkh vhqvlwlylw| ri wkh uhvxowv wr wklv
fkrlfh/ d vhfrqg vdpsoh lv frqvwuxfwhg1 Wkh vdpsoh frpsduhv wkh sulfh ri
uvw dqg odvw orwv ri hdfk ri wkh 75: sdufhov ri vlplodu zlqhv lqvwhdg ri wkh
wzr odvw orwv/ l1h1  ￿
￿ dqg 
7 ?￿
￿ /z k h u h7 ? ￿lv wkh vl}h ri sdufho 1Q r w hw k d wr q o |
wkh uvw sulfh fkdqjhv lq hdfk sdlu frpsduhg wr wkh suhylrxv vdpsoh/ dqg
wkdw wkh sdluv duh htxlydohqw iru sdufho  zlwk 7 ?￿ '2 1
Wkh errwvwuds glvwulexwlrq ri wkh hvwlpdwruv lv frpsxwhg iru wkhvh qhz
sdluv1 Wkh erwwrp ri Wdeoh 4 +errwvwuds vdpsoh 5, vkrzv/ iru hdfk sulfh
5:lqgh{/ wkh phdq w
W
2/ wkh vwdqgdug huuru jW
2 dqg wkh <8( frqghqfh lqwhuydo ri
wkh phdq1 Wkh ghfolqh lv pruh lpsruwdqw wkdq ehiruh dqg vljqlfdqw iru hyhu|
phwkrg +s0ydoxh @ 3 iru doo w
W





2  edvhg rq wkh frqghqfh lqwhuydov frqvwuxfwhg iurp
wkh w
W
2 glvwulexwlrq shufhqwloh  lv vljqlfdqw iru hyhu| phwkrg vlqfh wkh
pdujlqdo vljqlfdqfh ohyhov +s0ydoxhv rq wkh odvw olqh ri Wdeoh 4, duh orzhu
wkdq 31351 Lw lv wkhq srvvleoh wr rewdlq vljqlfdqwo| glhuhqw sulfh wuhqgv iru
wkh vdph ruljlqdo vdpsoh xvlqj wkh vdph phwkrg1
Lw lv srvvleoh wr jr rqh vwhs ixuwkhu lq orrnlqj iru gdwd ohdglqj wr glhuhqw
frqfoxvlrqv rq wkh gluhfwlrq ri wkh sulfh wuhqg1 Dowkrxjk vxfk vdpsohv duh





2 ri hdfk ri wkh irxu hvwlpdwruv duh vkliwhg wr wkh uljkw531
Xqlodwhudo htxdolw| whvwv w
W
￿ : f dqg w
W
2 	 f edvhg rq wkhvh qhz glvwulexwlrqv
shufhqwlohv duh erwk dffhswhg dw d vljqlfdqfh ohyho ghshqglqj rq wkh hvwl0
pdwruv= 31378 iru DPU/ 31398 iru JPU/ 313: iru ISL dqg 3148 iru UVS gxh
wr lwv kljkhu yduldqfh1 Khqfh/ lw lv srvvleoh wr gudz rssrvlwh frqfoxvlrqv rq
wkh vdph vdpsoh zlwk wkh vdph phwkrg exw zlwk glhuhqw h{wudfwlrq fulwhuld
iurp wkh sdufhov1
^Wdeoh 4 derxw khuh`
916 Wkh lpsruwdqfh ri wkh vl}h ri wkh sdufho
Xs wr qrz/ wkh lq xhqfh ri wkh vl}h ri wkh sdufho rq wkh sulfh yduldwlrqv kdv
qhyhu ehhq dqdo|vhg1 Qrqh ri wkh wzr fulwhuld suhylrxvo| xvhg wr h{wudfw
sdluv iurp d sdufho duh frkhuhqw zkhq wkh vl}h hhfw lv vwxglhg/ ehfdxvh erwk
53Lq sudfwlfh/ wklv lv grqh e| dgglqj 3135 wr hdfk hvwlpdwru1
5;djjuhjdwh zlwkrxw dffrxqwlqj iru lw1 Wkh wzr uvw urzv ri Wdeoh 5 suhvhqw
wkh glvwulexwlrq ri sdufhov lq wkh vdpsoh dffruglqj wr wkhlu vl}h +ehwzhhq 5
dqg : orwv,1
91614 Grhv wkh qxpehu ri orwv douhdg| vrog lq d sdufho pdwwhuB
Wkh pdujlqdo sulfh hhfw vshflf wr wkh srvlwlrq ri wkh orwv lq wkh sdufho lv
suhvhqwhg dw wkh erwwrp ri Wdeoh 51
^Wdeoh 5 derxw khuh`
Iru doo wkh phwkrgv/ wkhuh lv d yhu| vljqlfdqw ghfuhdvh ehwzhhq wkh sulfhv
ri wkh uvw wzr remhfwv ri hdfk sdufho +04196 wr 041<6 (/ s0ydoxh forvh wr 3,1
Wkh dgglwlrqdo ghfuhdvh ehwzhhq wkh vhfrqg dqg wklug remhfwv lv dovr yhu|
vljqlfdqw exw ohvv lpsruwdqw +04159 wr 4189 (,1 Iru wkh remhfwv lq wklug dqg
irxuwk/ dqg irxuwk dqg iwk srvlwlrq/ wkh ghfuhdvh lv vljqlfdqw dw wkh 8(
ohyho/ exw wkh pdujlqdo ghfuhdvh lv derxw kdoi ri wkh pdjqlwxgh ri wkh rqh
ehwzhhq vhfrqg dqg wklug remhfwv1 Wkhvh uhvxowv frqup erwk wkh lpsruwdqfh
ri wkh fkrlfh ri sdluv dprqj sdufhov zkhq frpsxwlqj sulfh lqglfhv dqg wkh
lpsruwdqfh ri fkrrvlqj wkh uljkw wlph iru wkh ex|hu wr elg dffruglqj wr wkh
vl}h ri wkh sdufho1
91615 Grhv wkh qxpehu ri orwv vwloo wr eh vrog lq wkh sdufho pdwwhuB
Wklv skhqrphqrq kdv qrw |hw ehhq h{soruhg1 Wkh xqghuo|lqj lghd lv wkdw wkh
orzhu wkh qxpehu ri remhfwv uhpdlqlqj lq wkh sdufho/ wkh kljkhu wkh ghfuhdvh
vkrxog eh1 Lqghhg/ frpshwlwlrq ehwzhhq elgghuv lv vxssrvhg wr eh hufhu rq
wkh odvw orwv ri hdfk sdufho wkdq ehwzhhq dq| rwkhu orwv1




￿ /z k h u hm @ 3
wr 8/ fruuhvsrqgv wr wkh uhpdlqlqj qxpehu ri orwv wr eh vrog lq sdufho /d q g
7 ? ￿lv wkh vl}h ri sdufho 1
5<Wkh fruuhvsrqglqj uhvxowv duh lq Wdeoh 61 Dv suhylrxvo| irxqg +vhh wrs
ri Wdeoh 4, wkhuh lv d yhu| vljqlfdqw ghfuhdvh ehwzhhq wkh sulfhv ri wkh odvw
orwv ri hdfk sdufho +ehwzhhq 04186 dqg 041;7 (/ s0ydoxh forvh wr 3,1 D zhdnhu
exw vwloo vljqlfdqw ghfuhdvh lv revhuyhg zkhq wkh qxpehu ri orwv vwloo wr eh
vrog +,l q f u h d v h v 1 - edqg -D +odvw froxpq ri Wdeoh 6, krzhyhu frqvwlwxwh
dq h{fhswlrq zlwk d vwurqj ghfuhdvh +ehwzhhq 05146( dqg 0517:(,1 Wkh idfw
wkdw wkhvh sdluv duh pruh olnho| wr dovr eh wkh uvw sdluv ri wkh frqvlghuhg
sdufhov pd| frqvwlwxwh dq h{sodqdwlrq1
^Wdeoh 6 derxw khuh`
Lq rughu wr foduli| wklv srlqw/ d gxpp| yduldeoh 8 lv fuhdwhg= 8￿ '
iru wkh uvw sdlu ri sdufho /d q gfrwkhuzlvh1 Wkhq ohdvw vtxduhv uhjuhvvlrqv
iru @￿ rq -￿ dqg 8 +DPU hvwlpdwru,/ dqg iru *?E@￿ rq -￿ dqg 8 +JPU
hvwlpdwru,54 duh frpsxwhg1 D vljqlfdqw ghfolqh lv irxqg ehwzhhq wkh wzr
uvw orwv ri hdfk sdufho +0319(/ s0ydoxh orzhu wkdq 8(,1 Wkh yhu| vljqlfdqw
ghfuhdvh irxqg lq Wdeoh 6 ehwzhhq wkh sulfhv ri wkh wzr odvw orwv ri hdfk
sdufho lv frquphg +04149 ( dqg 04164 (/ s0ydoxh forvh wr 3,1 Wkh ghfuhdvh
ehwzhhq wkh orwv lq wkh shqxowlpdwh sdluv uhpdlqv vljqlfdqw dw wkh 8( ohyho
exw ohvv lpsruwdqw +031:8 ( dqg 31;6 (,1 Qr vljqlfdqw hhfwv duh irxqg iru
  21
Erwk wkh vl}h ri d sdufho dqg wkh srvlwlrq ri d orw lq d sdufho wkhuh0
iruh frqvwlwxwh uhohydqw lqirupdwlrq zkhq vwxg|lqj sulfh wuhqgv lq vhtxhqwldo
dxfwlrqv1 Wkh kljkhu sulfh ghfuhdvh revhuyhg ehwzhhq wkh wzr uvw orwv ri d
sdufho dqg wkh wzr odvw orwv fhuwdlqo| uhvxowv iurp hufhu frpshwlwlrq ehwzhhq
elgghuv iru wkh uvw dqg wkh shqxowlpdwh orwv1
54Wkh frpsxwdwlrqv iru UVS dqg ISL duh pxfk ohvv wulyldo dqg kdyh qrw ehhq grqh1
63:F r q f o x v l r q
Wkh pdlq uhvxowv ri wklv vwxg| ri sulfh ghfolqh lq vhtxhqwldo dxfwlrqv duh dv
iroorzv=
Wkhruhwlfdo suhglfwlrqv duh vrphwlphv frpsduhg wr hpslulfdo uhvxowv do0
wkrxjk wkh| gr qrw ixooo wkh vdph vhw ri dvvxpswlrqv1 Wklv lv pdlqo| gxh wr
wkh devhqfh ri d xqlhg wkhru|1 Pdq| skhqrphqd pd| h{sodlq wkh revhuyd0
wlrq ri d sulfh ghfuhdvh/ exw duh qrw qhfhvvdulo| dssolfdeoh wr hyhu| dxfwlrq1
Vrph duh vshflf wr wkh elgghuv suhihuhqfhv +qrq0xqlw ghpdqg/ khwhurjhqhlw|
ri elgghuv, ru wr wkh rujdql}dwlrq ri wkh dxfwlrq +srrohg dxfwlrq/ suhvhqfh
ri ex|hu*v rswlrq,1 Wkh vshflf frqglwlrqv ri hdfk dxfwlrq pxvw eh zhoo0
ghqhg dqg fruuhfwo| wdnhq lqwr dffrxqw zkhq rqh wulhv wr xqghuvwdqg dqg
h{sodlq sulfh pryhphqwv revhuyhg lq hpslulfdo gdwd/ dqg hruwv duh uhtxluhg
wr lqwhjudwh wkhp lq qhz wkhruhwlfdo prghov1
Wkh fkrlfh ri d phwkrg wr phdvxuh wkh sulfh wuhqg lv dqrwkhu sureohp1
Lq idfw/ glhuhqw phwkrgv pd| ohdg wr lpsruwdqw glhuhqfhv zkhq xvhg rq
vlpxodwhg gdwd/ dqg wr glhuhqw vwdwlvwlfv zkhq dssolhg wr uhdo dxfwlrq sulfhv/
lq sduwlfxodu zlwk voljkwo| surqrxqfhg wuhqgv1 Lq rughu wr olplw vshflf eldv/
lw lv fhuwdlqo| ri lqwhuhvw wr frpsxwh wkuhh lqgh{ qxpehuv= DPU/ UVS dqg
hlwkhu JPU ru ISL +frqvlghulqj wkh yhu| vpdoo vsuhdg irxqg ehwzhhq wkhp,
wr ghwhuplqh dqg txdqwli| sulfh wuhqgv1
Wkh fkrlfh ri wkh sdluv ri remhfwv/ wkh vl}h ri wkh sdufhov dqg wkh srvlwlrq
ri wkh orwv lq hdfk sdufho dovr lq xhqfh wkh uhvxowv rq wkh wuhqgv1
Odvw/ ehdulqj lq plqg wkdw vlplodu remhfwv duh qrw vwulfwo| lghqwlfdo dqg
wkdw vrph glhuhqfhv pd| rqo| eh revhuyhg e| elgghuv dwwhqglqj wkh dxf0
wlrq dqg lq xhqfh wkhlu ydoxdwlrqv/ frqyhqwlrqdo dssurdfkhv xvhg wr vwxg|
sulfh pryhphqwv iru krprjhqhrxv jrrgv pljkw qrw eh fruuhfw1 Zkhq wkhvh
glhuhqfhv duh nqrzq/ d ehwwhu dssurdfk pd| eh/ wr uxq khgrqlf uhjuhvvlrqv
h{sodlqlqj sulfhv zlwk remhfwlyh fkdudfwhulvwlfv ri wkh remhfwv +lqfoxglqj txdo0
64lw| glhuhqfhv, lq d uvw vwhs/ wkhq wr frpsxwh wkh glhuhqw phdvxuhv ri wkh
sulfh wuhqg fruuhfwhg iru txdolw| glhuhqfhv1
6566UHIHUHQFHV
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Hfrqrplf Shuvshfwlyhv/ Yro1 6 +4<;<,/ ss1 560691
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Jdoh/ L1O1 dqg Kdxvfk/ G1E1 Erwwrp Ilvklqj dqg Ghfolqlqj Sulfhv lq
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Ylqfhqw/ V1 Vhtxhqwldo Dxfwlrqv zlwk Khwhurjhqhrxv Elgghuv1/ Glvfxv0
vlrq Sdshu qr1 4</ Fhqwuh iru Lqgxvwuldo Hfrqrplfv/ Xqlyhuvlw| ri Frshq0
kdjhq/ 4<<;1
69Zhehu/ U1M1 Pxowlsoh0Remhfw0Dxfwlrqv1/ Lq U1 Hqjhoeuhfkw0Zljjdqv/
P1 Vkxeln dqg U1P1 Vwdun/ hgv1/ Dxfwlrqv/ Elgglqj/ dqg Frqwudfwlqj= Xvhv
dqg Wkhru|1 Qhz \run= Qhz \run Xqlyhuvlw| Suhvv/ 4<;61
6:DSSHQGL[
Frqvlghu d vdpsoh @￿cc@ ￿ dq _ h @ zkhuh h @ lv d srvlwlyh udqgrpyduldeoh
zlwk qlwh yduldqfh1






@￿ ' @ * . d@￿oc ' cc/+ 4 ,














8U 'd -  M-o
￿












c ' cc/+ 8 ,
Uhphpehu wkdw d vhfrqg rughu Wd|oru vhulhv dssur{lpdwlrq ri s E@￿
durxqg . d@￿o lv=
s E@￿ * s d. E@￿o n s
￿





d. E@￿o  d@￿  . E@￿o
2 
Khqfh/ . ds E@￿o lv htxdo wr=





d. E@￿o  @oE@￿c +9,
zkhuh @oE@￿ lv wkh yduldqfh ri @￿c' cc
Dssur{lpdwlrq ri wkh eldv ehwzhhq DPU dqg JPU
6;Qrwh wkdw *?EC-'E  *
S￿






wkh orjdulwkp ixqfwlrq ehlqj frqfdyh/ Mhqvhqv*v lqhtxdolw| |lhogv=
*?E-  *?EC-
Khqfh/
*?E-  *?EC-  f
Wdnlqj d vhfrqg rughu Wd|oru vhulhv dssur{lpdwlrq ri *?E@￿ durxqg . E@￿/
dqg iurp +9,/ zh rewdlq=















Iurp wkhuh/ wkh h{srqhqwldo ohdgv wr=






Dssur{lpdwlrq ri wkh eldv ehwzhhq ISL dqg DPU
Wkh dssur{lpdwlrq ri wkh vxevwlwxwlrq eldv irupxod iru wkh FSL +vhh Glhz0
huw/ 4<<;, lv iroorzhg dqg dgdswhg wr elodwhudo iudphzrun1
























6<Wdnlqj d vhfrqg rughu Wd|oru vhulhv dssur{lpdwlrq ri 0
3￿
￿ durxqg 0￿ ' /





























  duh fkdudfwhul}hg dqg diwhu vrph








*   @oE0￿
Vxevwlwxwlqj KPU lq +7,/ ohdgv wr=
8U *.E@￿d  @oE0￿o
￿
2 
Wdnlqj wkh vhfrqg rughu Wd|oru vhulhv dssur{lpdwlrq ri @oE0￿ durxqg
3/ |lhogv=
8U *.E@ ￿d  fD@oE0￿o








Dssur{lpdwlrq ri wkh eldv ehwzhhq ISL dqg JPU
Xvlqj +:, dqg +<, =











Dssur{lpdwlrq ri wkh eldv ehwzhhq DPU dqg UVS







































*-7  ' cc1
T1H1G1
74WDEOHV
Wdeoh 4= Vwdwlvwlfv ri wkh irxu hvwlpdwruv iru revhuyhg dxfwlrq sulfhv
DPU JPU UVS ISL




￿ +lq (, 041869 04197< 041;79 0419:3
vdpsoh jW
￿ +4332, 31534 31578 31648 3158<
5 odvw <8( frqi1 lqwhuydo +041<9/0414:, +0514:/04155, +05184/0415;, +05156/04155,
orwv ri S0ydoxh iru w
W
￿ ' w￿ 31<:6 31<84 31<9: 31<75
wkh sdufho S0ydoxh iru w
W
￿ '3 3333




2 +lq (, 05164< 0517:6 0519<; 051837
vdpsoh jW
2+4332, 31567 315;8 3175: 31638
Iluvw dqg <8( frqi1 lqwhuydo +051;3/041;<, +0613;/041<:, +06193/041<5, +06149/041<:,
odvw orwv ri S0ydoxh iru w
W
2 'f 3333




2 3 313336 31345 313337
75Wdeoh 5= Lq xhqfh ri wkh qxpehu ri orwv douhdg| vrog lq hdfk sdufho55
Q r 1 r i o r w v l q w k h s d u f h o 5678 9 d q g :













Qr1 ri sdluv 75: 4;5 ;3 5< 48
DPU +lq (, 041965 041588 0319:7 0318:: 31493
S0ydoxh ri qxoolw| whvw 3 3 3135< 31345 31:95
JPU +lq (, 0419<7 041749 031:59 0318;8 3147:
S0ydoxh ri qxoolw| whvw 3 3 31356 31345 31:97
UVS lq ( 041<5: 041896 031;8; 031776 31676
S0ydoxh ri qxoolw| whvw 3 3 31335 31345 31887
ISL lq ( 0419<9 041794 031:5; 0318;8 3147:
S0ydoxh ri qxoolw| whvw 3 3 31356 31345 31:97
Wdeoh 6= Lq xhqfh ri wkh qxpehu ri orwv vwloo wr eh vrog lq hdfk sdufho56
Yduldeoh -f -￿ -2 -￿ -e dqg -D
Qr1 ri sdluv 75: 4;5 ;3 5< 48
DPU +lq (, 041865 041454 031<8 031;<5 05156:
S0ydoxh ri qxoolw| whvw 3 3 3 3133; 3
JPU +lq (, 041979 041499 031<: 031<59 051466
S0ydoxh ri qxoolw| whvw 3 3 3 31334 3
UVS lq ( 041;77 0417:4 031:68 04154; 05179<
S0ydoxh ri qxoolw| whvw 3 3 3 31349 3
ISL lq ( 04199: 041499 0313<: 031<5: 051666
S0ydoxh ri qxoolw| whvw 3 3 3 3133: 3
55Pdujlqdo vljql￿fdqfh ohyhov +s0ydoxhv, duh frpsxwhg iurp wkh errwvwuds glvwulexwlrqv1
56Pdujlqdo vljql￿fdqfh ohyhov +s0ydoxhv, duh frpsxwhg iurp wkh errwvwuds glvwulexwlrqv1
76ILJXUHV
Iljxuh 4= Glhuhqfhv ehwzhhq ISL dqg DPU
77Iljxuh 5= Glhuhqfhv ehwzhhq ISL dqg JPU
Iljxuh 6= Glhuhqfhv ehwzhhq UVS dqg DPU
78Iljxuh 7= Glhuhqfhv ehwzhhq JPU dqg DPU
Iljxuh 8= Klvwrjudpv iru wkh irxu hvwlpdwruv/ <1<<< uhsolfdwlrqv +vdpsoh 4,
79